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Synopsis  Energy  barrier  Heights  for  isomerization  of  the  isolated  retinal  chromophore  were  measured  using  two 
stages  of  ion  mobility  spectroscopy  (IMS -IMS). 


Ion  mobility  spectroscopy  (IMS)  allows  one  to 
differentiate  between  different  isomers  of  a  giv¬ 
en  molecular  ion  according  to  their  collisional 
cross-section.  Using  two  stages  of  IMS  (IMS- 
IMS)  one  can  select  a  specific  isomer,  collision- 
ally  heat  it  and  follow  its  isomerization  path¬ 
ways  (See  Fig.  1).  Recently  it  has  been  shown 
that  this  technique  allows  one  to  determine  in¬ 
ternal  energy  barrier  for  isomerization  [1]. 

Here  we  apply  the  technique  to  the  important 
case  of  the  retinal  protonated  Schiff  base 
(RPSB)  [2].  Photoisomerization  of  the  RPSB  is 
the  primary  in  animal  vision.  We  find  that  the 
energy  barrier  for  a  single  cis-trans  isomeriza¬ 
tion  is  0.64+0.05  eV,  which  is  significantly 
lower  than  that  observed  for  the  reaction  within 
opsin  proteins.  Thus  the  protein  has  a  signifi¬ 
cant  role  in  increasing  the  barrier  energy  for 
thermal  isomerization  relative  to  the  gas  phase 
which  lacks  interaction  with  the  RPSB  counter¬ 
ion  and  steric  constraints.  High  barrier  energy  is 
mandatory  for  efficient  vision  processes,  other¬ 
wise  thermal  noise  would  overwhelm  the  signal 
originating  from  the  photochemical  isomeriza¬ 
tion. 


Cross  Section  (A2) 

Figure  1.  Results  of  selection  and  activation  when 
the  selection  is  applied  to  peak  A  (the  all-trans  iso¬ 
mer),  and  activation  is  performed  for  different  acti¬ 
vation  voltages,  Vact .  The  dashed  line  corresponds  to 
the  IMS  of  the  RPSB  with  no  selection. 
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Ion  Mobility  Spectrometry  (IMS) 


IMS  pulls  molecular  ions  with  a  small 
electric  field  (typically  ~10  V/cm) 
through  a  drift  tube  filled  with  gas 

V, 9 


The  ions  are  accelerated  by  the  electric 
field,  and  slowed  down  by  the  collisions 
reaching  an  average  drift  velocity 
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Measuring  Activation  Energies  by  IMS-IMS 

We  observe  pre-dissociation  state-to-state  transitions,  but  at  what  energies? 

■  Use  of  an  external  IA2  voltage-to-eV  calibration  by  measuring  well- 

characterized  dissociation  events 
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Summary 

•  Isomerization  barriers  of  isolated  [RPSB+H]+  via 
IMS-IMS-MS 

•  Low  energy  barrier  for  a  single  cis^trans 

isomerization  " 

•  Below  the  thermal  isomerization  of  double  bonds 

•  Below  measured  barrier  within  rhodopsin  proteins 


Thus,  the  protein  plays  a  significant  role  in  raising  the 
energetic  barrier  for  photoisomerization  of  retinal 
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Ion  Mobility  Spectrometry  (IMS) 


Study  the  shape  of  a  molecule  through 
collisions  with  neutral  atoms/molecules 


•  Neutral  atoms  are  as  small  as 
the  features  we  want  to  study 


•  Collision  energy  can  be  set  to  be  very  small 

In  order  to  study  the  structure 


•  And  can  also  set  to  be  large 

l 

In  order  to  heat  the  molecule,  cause  it  to  isomerize, 
and  eventually  break  apart. 
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Findings  from  BK  Solution  Scans 


■  Amino-terminal  “unstructured”  region  consists 
of  multiple,  stable  conformations 


■  Highly  complementary  to  solution-phase 
characterization  methods 
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Barlow  Correlation 


Experiment  -  Barrier  energy 
in  protein  is  -1-1.2  eV,  and 
inversely  correlated  with  the 
absorption  wavelength 

Theory  -  ~1-2eV 
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Fragmentation  pathway 
through  a  more  compact, 
intermediate  species 
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